The article presents regional differences in technical, economic and environmental efficiency of production of winter wheat, winter rye, spring barley, winter rape and sugar beet. The study used data collected in the AGroko-SZTy system and Polish FAdn. Four-year averages were analysed to illustrate the changes in the results of the surveyed activities. The measure of technical efficiency was the productivity of factors of production (labour, land and capital), economic efficiency -profitability index, which expresses the ratio of production to economic costs. Whereas the environmental efficiency is described by indicators showing the cost and level of inputs adversely affecting the environment, i.e. mineral fertilisers (nPk) and plant protection products.
The research, whose results are presented in the paper, aimed at assessment of the regional differentiation of the technical, economic and environmental efficiency of production of selected species of cereals, rape and sugar beet in Poland.
research material and method
The research used data collected and processed in the AGROKOSZTY 1 system which characterised selected plant production activities. To execute the purpose of the research, the data collected under the AGROKOSZTY system were supplemented with the data from the Polish FADN database, and then processed in line with cost account method developed for agricultural products. The analysis covered five plant production activities over four years of research (activities in the research of the AGROKOSZTY system repeat cyclically, usually at twoor three-year intervals), i.e.: • Winter wheat, winter rye, winter rape -in , 2008 , 2011 and 2013 • Spring barley -in 2007 • Spring barley -in , 2009 • Spring barley -in , 2011 • Spring barley -in and 2013 • Sugar beet -in 2005 • Sugar beet -in , 2007 • Sugar beet -in , 2009 • Sugar beet -in and 2014 Four-year averages were analysed to illustrate the changes in the results of the surveyed production activities. Such an approach to the results eliminates the impact of accidental fluctuation possible in case of one-year averages (e.g. resulting from changes in the market or weather conditions). The number of farms in the research sample of the activity, in total over the years of the research was from 481 to 722, respectively for rye and barley. These farms were grouped according to their regional location. The division of Poland into 4 regional units (Pomorze and Mazury, Wielkopolska and Śląsk, Mazowsze and Podlasie, Małopolska and Pogórze) was drawn up as part of adjustments of the Polish statistics to the EU standards 2 .
The research results were presented in tables. Horizontal analysis was also used; it compares the parameters characterising the surveyed activities on farms 1 Research of agricultural production activities in the AGROKOSZTY system are held on individual farms selected under nonprobability sampling from a representative sample, which is in the field of observation of the Polish FADN. Such an approach is used to make it possible to supplement the database of the AGROKOSZTY system with the data from the Polish FADN. The selection of farms for the research of each production activity is done independently. The selection is conditioned on conducting the activity selected for the research and its determined production scale. Farms participating in the research are located across the country, but they are not -because of the sample selection method -a representative sample for individual farms in Poland conducting a specified activity, e.g. cultivation of winter wheat. The conducted research are fully voluntary and always require the farmer's consent. The AGROKOSZTY system collects quantitative and qualitative data on production, incurred inputs and direct costs as regards plant and animal production activity. The data are collected by uniform assumptions with precisely indicated standards and accurately determined methodology. They allow for calculation of gross margin. 2 Agricultural regions cover the following voivodeships: Pomorze and Mazury -Lubuskie, Zachodniopomorskie, Pomorskie, Warmińsko-Mazurskie; Wielkopolska and Śląsk -Wielkopolskie, Kujawsko--Pomorskie, Dolnośląskie, Opolskie; Mazowsze and Podlasie -Podlaskie, Mazowieckie, Łódzkie, Lubelskie; Małopolska and Pogórze -Świętokrzyskie, Śląskie, Małopolskie, Podkarpackie.
-----located in four agricultural regions. The research covered revenues, i.e. values of potentially commercial production, costs and economic effects. The level of gross margin and management income on activity less support with payments was taken as the measure of assessment of the obtained results. The manner of calculating these categories was presented below: gross margin less payments = production value (revenues) -direct costs management income on activity less payments = production value -economic costs.
In literature, economic cost is a term to describe full production cost (Samuelson and Nordhaus, 1995) . Full cost accounting was taken as grounds for the conducted research. A farmer has the right to expect not only a coverage of costs of manufacture of goods, i.e. direct and indirect, but also should get a return on engaged own factors of production. Classical economics points to three factors, i.e. labour, land and capital. Their proper use should ensure management income to a farmer, i.e. remuneration for engagement in the production process of the knowledge, experience and management skills of the farmer. Costs of engagement of own factors of production are termed as opportunity costs. Opportunity cost is the value of the best not selected opportunity; it is assumed that respective goods could be used in other manner, which could bring greater benefits (income). This type of opportunity costs in monetary terms is known as implicit cost (i.e. implied cost) contrary to the recorded costs, i.e. actual cash expenses incurred which are termed as explicit costs (Milewski, 2008) . direct costs are components which can be undoubtedly allocated to a given production activity, e.g. seed/grain material, fertilisers, plant protection products, insurance of a plantation. These costs have a proportional relationship with production scale and a direct impact on size (volume and value) of production. indirect costs, however, are common for the entire farm. They include e.g. costs of electricity, fuel, current renovations of machines and buildings, depreciation of fixed assets and taxes. In line with the methodology used in the AGROKOSZTY system, indirect farm costs were broken down into production activities by the share of production value of each of them in the production value of the farm in total.
Costs of own factors of production are treated as opportunity costs. own labour inputs were priced by the normative rate set based on the average remuneration level for a given year for farmers employed in the entire national economy, according to the data from the Central Statistical Office [Główny Urząd Statystyczny, GUS] (in subsequent years of the research the hourly rate amounted to: in 2005 -PLN 8.66; in 2006 -PLN 9.02; in 2007 -PLN 9.81; in 2008 -10.74; in 2009 -PLN 11.31; in 2011 -PLN 12.38; in 2013 -PLN 13.79; in 2014. -PLN 14.29 ). The rental fee was taken as the measure of land cost. The method for determining the initial amount of the rental fee was based on the principles of determining the rental fee by the Agricultural Property -----Agency. The applied algorithm considers the type and class of land and the tax district in line with the principles binding upon calculation of the agricultural tax. Such an approach means that a major impact at the level of estimated land cost, apart from the soil valuation classes, falls to the regional location of farms which are in the research sample of respective production activities. The rental fee is expressed in natural units, i.e. in dt of wheat. The quantity of units depends on the soil class and tax district. In value terms, the amount of the rental fee was determined by the average price of buying-in of wheat in the country (according to GUS data). capital cost encompasses operating capital and fixed capital costs. The value of inputs incurred on current production assets (e.g. seeds, fertilisers, plant protection products, fuel) were considered as the operating capital cost used to production. Whereas the cost of the fixed capital is the cost of capital invested in own fixed production assets (buildings, machines). Capital cost was estimated by the interest rate for deposits in the major commercial banks in Poland (according to GUS). It was assumed that the working capital was frozen for 6 months and the fixed capital for 1 year (Skarżyńska, 2010) .
The research methods adopted in the paper enabled assessment of technical and economic efficiency of production of the research products. A measure of assessment of technical efficiency was productivity of the factors of production (in physical units), which was examined using technical efficiency measures, and technical efficiency of land was measured by yields of the researched plant production activities. Technical efficiency of labour was measured with the production volume from 1 ha per 1 hour of incurred labour inputs (own and hired) and technical efficiency of fixed assets was measured with the production volume per PLN 100 of the value of engaged fixed assets. Whereas economic efficiency assessment was measured with profitability index, which means a relation between the production value and economic costs.
It was also attempted to assess the environmental efficiency of manufacture of agricultural products. Environmental efficiency indices are expressed by costs and the level of inputs having a negative impact on the environment. The Environmental efficiency is also manifested in the relationship between the achieved effects and inputs adversely affecting the environment. The research used an index characterising technical efficiency of fertilisation. It illustrates the relation between the yield and the dose of NPK used per 1 ha of cultivation of the researched plant production activities. The research results indicate that the utilised agricultural area (UAA) of farms from the research sample of respective products was much differentiated in the regions. In Pomorze and Mazury, and Wielkopolska and Śląsk it was larger than in Mazowsze and Podlasie, and Małopolska and Pogórze. Comparing extreme values the difference was from 1.9 times to 2.4 times. This involves the agrarian structure of farms in separated regions. UAA was one of the parameters that were used upon selection of uniform agricultural regions in Poland (Skarżyńska et al., 2005 ).
The regional differences concerned also the area under cultivation of the researched field crops. In Pomorze and Mazury, and Wielkopolska and Śląsk it was larger than in the two other regions. The research shows that larger area contributed to a drop in labour-intensity of cultivation which means that the labour force was used more effectively. The share of own labour in total labour also decreased.
The share of plant production in the total production value structure of farms from the research sample cultivating winter wheat, winter rape and sugar beet was equal to or higher than 70%. This means that plant production predominated in all regions. For farms cultivating winter rye and spring barley the share in the structure of plant and animal production value was basically fluctuating around 50%. Only for farms cultivating spring barley in Małopolska and Pogórze, and Wielkopolska and Śląsk there was some advantage of plant production. Its share was at 64.0% and 58.7%, respectively (Table 1) .
The share of production value generated by rye and wheat production in the total production value of farms in all regions was close and within the range of 6.1-8.5%. Hence, it can be considered that their significance was similar. As regards other products, there are clear differences. The importance of wheat and rape in Małopolska and Pogórze was lower than in other regions (the share was 17.7% and 14.6%). But then, the significance of sugar beet cultivation was the lowest on farms located in Wielkopolska and Śląsk. Its share in the structure of production value of a farm was 16.5%, while in other regions it was within the range of 21.9-24.8%. This was determined by the results of surveyed activities, but also other activities conducted on the farms. It should be added that differences are clear also upon comparison of activities between each other. The share of revenues on wheat, rape and sugar beet in total revenues of farms was higher than the share of revenues from rye and barley cultivation. Source: drawn up on the basis of data from the AGROKOSZTY system and Polish FADN.
In case of cereals the highest prices for sold grain were obtained by farmers from Wielkopolska and Śląsk, and Mazowsze and Podlasie. The highest price for rape seeds was obtained by farms in Wielkopolska and Śląsk, and for roots of the sugar beet in two regions: Mazowsze and Podlasie, and Małopolska and Pogórze (Table 1) .
Technical efficiency of factors of production
Technical efficiency refers to conversion of resources into a specified final product. It is based on technological production possibilities, i.e. it involves the use of resources in the technologically most efficient manner and it is not linked to the level of prices and costs. Technical efficiency is a prerequisite to achieve economic efficiency, but this does not mean that all technically efficient solutions are also economically efficient. The technical efficiency means that an increase in the quantity of manufactured products without greater involvement of factors of production is impossible; thus, it is one of the manifestations of the farm management system and assessment and measurement of achievements.
Technical efficiency of production activities is the greater, the greater is the production effect obtained at the given level of inputs and applied factors of production.
Considering the technical efficiency of factors of production involved in the production process, there is a clear regional differentiation of productivity of land under cultivation of the surveyed cereals, rape and sugar beet. However, it needs to be noted that among the analysed types of production it was marked by the lowest scale of differentiation. This differentiation, at least to some extent, was predetermined by regional location of farms, i.e. mainly the used technology and agro-climatic conditions (e.g. land insolation and humidity, number of growing days, temperature). In Wielkopolska and Śląsk, and Pomorze and Mazury -against two other regions -land productivity was on the upper level. These regions were marked by a special advantage in case of land under cultivation of winter wheat, winter rye, winter rape and sugar beet - Table 2 .
Taking into account different labour-intensity of cultivation and different level of obtained production, it is clear that there are great disproportions in labour productivity between regions. Farms situated in the Pomorze and Mazury, and Wielkopolska and Śląsk should be mentioned because there it was relatively high, while in the two other regions it was much lower. Given the extreme values, the difference in labour productivity incurred on winter wheat production was 1.2 times, spring barley and winter rape -1.3 times, winter rye -1.7 times and sugar beet -1.8 times.
Productivity of fixed assets was also different in the regions. Farms situated in Mazowsze and Podlasie, and Małopolska and Pogórze obtained a weaker result than units from Pomorze and Mazury, and Wielkopolska and Śląsk, which evidences a rather heavy burdening of the surveyed activities with fixed assets.
-----Productivity of fixed assets engaged in production of winter wheat, winter rye and sugar beet was the lowest in Mazowsze and Podlasie. Compared to the highest level (for cereals in Pomorze and Mazury, and sugar beet -in Wielkopolska and Śląsk) it was lower by, respectively, 32.0%; 39.5% and 25.6%. Whereas productivity of fixed assets involved in spring barley and winter rape production was at a relatively low level and at identical level in Mazowsze and Podlasie, and Małopolska and Pogórze. As regards the highest level, it was lower by 23.7% in Wielkopolska and by 20.0% in Śląsk (Table 2) . Table 2 Technical efficiency of factors of production participating in the production process of the surveyed products in the agricultural regions of Poland, average in research years Lower productivity of fixed assets in Mazowsze and Podlasie, and Małopolska and Pogórze was, to some extent determined, by the level of obtained production, but the determining factor was much greater burdening of the researched activities with the value of owned buildings and structures, and machines and means of transport. This is also evidenced by their value per 1 ha of UAA of farms from the research sample (Table 3) . Source: drawn up based on own research.
The value of buildings and structures, and machines and means of transport per 1 ha of UAA in groups of farms running the surveyed plant production activities in Mazowsze and Podlasie was the highest (the only exception were farms cultivating sugar beet). Second, in terms of burdening with the value of these fixed assets, were farms in Małopolska and Pogórze (except for farms cultivating winter rye). The ownership of fixed assets in value terms was much lower in Wielkopolska and Śląsk, and Pomorze and Mazury.
It was assessed that the value of fixed assets on farms is -at least to some extent -linked to running animal production which determined a specific level of equipment. This refers especially to farms situated in Mazowsze and Podlasie, many of which specialise in milk production and keep large herds of dairy cows. Plant production activities are often conducted to secure fodder resources for animals, but can also affect the provision of farms with both specialist machines and buildings.
Investments in resources of fixed assets on farms are linked to incurring large one-off expenses, and then with burdening the conducted production activities with costs of keeping such assets ready for production. Consequently, the efficiency of conducted activity can be lower. In this situation, the range of decisions increasing technical efficiency cover decisions on an increase in production scale and specialisation. In this context, it needs to be noted that the area of cultivation of surveyed activities on farms in Mazowsze and Podlasie, and Małopolska and Pogórze was much lower than in Pomorze and Mazury, and Wielkopolska and Śląsk.
Economic efficiency of production
Economic efficiency derives from the principle of rational management and means achievement of specified results at possibly the lowest inputs (costs) or achievement of possibly the best results from a given amount of inputs. Eco- nomic efficiency reaches deeper than technical efficiency, as it depends on prices of factors of production. This means that something which is technically efficient, does not have to be economically efficient. Economic efficiency is linked to optimum allocation of factors of production. This can be illustrated on the example of a change in the relation between the labour factor and fixed assets, which can contribute to reduction in costs and thus to a growth in efficiency of conducted production. Table 4 presents the level of potentially commercial production value (revenues) on surveyed products, costs incurred on its manufacturing, economic margin left for disposal of the farmer and profitability of production captured as relation, which is expressed by the profitability index illustrating the level of coverage of economic costs with production value. The presented calculations also point to regional differences in respective categories.
Analysing the revenues on surveyed products and comparing in the regions their maximum to minimum level, the difference was from 5.6% for sugar beet to 25.7% for spring barley. A similar difference in the amount of economic costs was within the range of 5.4-15.2%, respectively, as regards spring barley and winter rape.
Differences in production value and incurred costs result in differences in income level. Taking into account gross margin and management income less payments, what draws attention is the regularity which concerns four among five of the surveyed products (with the exception of sugar beet). In regions where cereals and rape ensured the highest direct surplus, the management income less payments was also the highest. This means that the impact of indirect costs and cost of factors of production was not strong enough to cause the change. Consequently, gross margin -which is the difference between the production value and direct costs -determined the level of management income. Cultivation of winter wheat and winter rye helped to achieve income at the highest level for farms in Pomorze and Mazury, and Wielkopolska and Śląsk, while spring barley cultivation for farms in Wielkopolska and Śląsk, Małopolska and Pogórze, and winter rape -in Wielkopolska and Śląsk, Mazowsze and Podlasie. In these regions, the production profitability index was also the highest.
In case of sugar beet the highest gross margin was obtained by growers from Mazowsze and Podlasie, and Małopolska and Pogórze. Whereas at the level of management income there is a clear change -the position of Mazowsze and Podlasie was taken by farms from Pomorze and Mazury. This was conditioned upon relatively high indirect costs and costs of factors of production in Mazowsze and Podlasie. At the level of indirect costs, the impact of costs of depreciation of engaged fixed assets had a crucial impact, and high cost of factors of production determined the cost of own labour. The production profitability index for sugar beet was the highest in Małopolska and Pogórze (147.5%), and the lowest in Mazowsze and Podlasie (136.5%) - Table 4 . Wheat, barley, rape and sugar beet cultivation on average over the years and in the research sample of farms in all regions ensured margin in the form of management income. The only exception was rye cultivation in Małopolska and Pogórze, for which the income was not executed; the loss amounted to PLN 41 per ha. In this case, full coverage of the costs of own factors of production, i.e. labour, land and capital, was not possible. For full coverage of the economic costs it would be necessary to increase yield or prices of seed sales by 4.5% (the yield should amount to 30.4 dt per ha or the price to -PLN 48.52 per dt).
Production profitability measured with the relation of production value to economic costs showed that among the surveyed products the highest profitability was typical of sugar beet cultivation (136.5-147.5%), and the lowest -rye cultivation (97.1-113.7%).
A measure reflecting the production side and cost side of surveyed products is also the level of economic costs that had to be engaged in generation of PLN 1 of management income less payments. Differentiation in results is major, both between products and in the regions. The cost of production of PLN 1 of management income in the regions was within the rage of: -PLN 3.0-4.0 for winter wheat, -PLN 7.3-8.0 for winter rye (except for Małopolska and Pogórze), -PLN 2.7-6.8 for spring barley, -PLN 2.9-4.8 for winter rape, -PLN 2.1-2.7 for sugar beet.
The cost of generation of PLN 1 of management income was the highest for rye cultivation and the lowest for sugar beet. Whereas the greatest differences in the regions, comparing extreme levels of the cost, were noted in case of barley (2.5 times), and the lowest -rye (1.1 times) - Table 4 .
Environmental efficiency
In the research, the basic measure of environmental efficiency was consumption or cost of mineral fertilisers and plant protection products introduced to the environment as a result of intentional human activity. An additional measure was technical efficiency of applied fertilisation.
The cost of mineral fertilisers and plant protection products are components that clearly dominate in the structure of direct costs. In the case of researched products in regional terms, their total share was from 67.0% to 83.7%. Differences in the cost of mineral fertilisers in the regions resulted mainly from differences in the size of applied NPK dose, although it was also influenced by the type structure of used fertilisers and their purchase price. Whereas the reason for differentiation of the cost of plant protection products (pesticides) could have been the difference in the price of purchase of these products, but it is assessed the number of conducted protection treatments, which was linked to the amount of used active substance, had the decisive impact.
-----Taking into account the extreme values, the regional differences in the applied dose of NPK in the cultivation of rye was 1.4 times, and in the case of other crops -1.1 times. Research showed that in Pomorze and Mazury, and Wielkopolska and Śląsk the highest level of fertilisation was used for cultivation of rye, spring barley and winter rape. In Mazowsze and Podlasie, winter wheat fertilisation was at a high level (261 kg/ha), and in the region of Małopolska and Pogórze -sugar beet fertilisation (390 kg/ha). Whereas the lowest level of fertilisation was applied by farmers cultivating winter wheat and spring barley and winter rape in Małopolska and Pogórze (it amounted, respectively, to 239, 159 and 299 kg/ha) - Table 5 . Source: drawn up based on own research.
-----Regional differentiation of the cost of NPK dose used per 1 ha of cultivation of winter wheat or sugar beet amounted to 1.1 times, while in case of cultivation of spring barley and winter rape -1.2 times, and rye -1.3 times. Research shows that the cost of plant protection products also differed in the regions. Differences amounting to 1.1 times was noted only for sugar beet. For wheat and barley the differentiation amounted to 1.2 times and for winter rape -1.3 times, and rye -2.3 times.
As regards the amount of costs of plant protection products -similarly as in the case of the cost of NPK -the region of Pomorze and Mazury, and Wielkopolska and Śląsk stand out. In both regions, the highest cost of the plant protection products was incurred by farmers in case of cultivation of rye, winter rape and sugar beet, while in Wielkopolska and Śląsk also for the cultivation of winter wheat and spring barley. The cost of plant protection products was the lowest in Mazowsze and Podlasie on farms cultivating winter wheat, rye and sugar beet, and in the Małopolska and Pogórze -winter rape.
In the research the assessment covered also the technical efficiency of fertilisation used in cultivation of the surveyed field crops. According to literature, the interrelation between the plant yield size and the dose of fertilisation component is very complicated and depends on many factors (e.g. forecrop, soil conditions and fertility, soil reaction, quantity and distribution of precipitation, number and size of fertiliser doses, and term of using them, ratio of fertilisation components N:P:K). Some level of yield can be also achieved without fertilisation -it is the effect of natural soil fertility. The same effect of yield can be achieved using a relevant or even several times higher dose of fertilisers. Fertilisation, instead of a positive effect, can cause also a drop in yields (Gębska and Filipiak, 2006) .
Research results point to differences in the technical efficiency of fertilisation in the regions, and additionally most often to a lack of direct connection with the applied dose of NPK. Only on farms cultivating winter rape in Wielkopolska and Śląsk, where fertilisation was the highest, its technical efficiency was also the highest -9.6 kg of seed per 1 kg of NPK (in the remaining regions it was within the range of 8.8-9.4 kg). In case of the remaining products, no such interrelation was found. In Mazowsze and Podlasie the NPK dose applied for cultivation of winter wheat was the highest (261 kg/ha), while technical efficiency of fertilisation -the lowest (20.1 kg of seed per 1 kg of NPK). This also referred to the cultivation of rye, barley and sugar beet. It can be assumed that unfavourable layout of other factors affecting the agrosystem contributed thereto.
conclusions
The area under cultivation of the surveyed field crops, i.e. winter wheat, winter rye, spring barley, winter rape and sugar beet, differed across the regions. For farms located in the regions of Pomorze and Mazury, and Wielkopolska and Śląsk, it was larger than in Mazowsze and Podlasie, and Małopolska and -----Pogórze. The larger cultivation area contributed to a drop in labour-intensity which means that the labour force was used more effectively, which in turn influenced technical efficiency (productivity) of the labour factor.
The research of technical efficiency of factors of production, i.e. land, labour and fixed assets, engaged in the production processes showed differences in the regions. The smallest scale of differentiation was typical of land productivity. These differences, at least partly, were predetermined by the location of farms, i.e. primarily the applied technology and agroclimate conditions. In Wielkopolska and Śląsk, and Pomorze and Mazury land productivity was higher than in the two other regions. A special advantage -to the benefit of these regions -was noted for land under cultivation of winter wheat, rye, winter rape and sugar beet. As regards technical productivity of labour, what should be also mentioned are the farms in Wielkopolska and Śląsk, and Pomorze and Mazury. This was preconditioned by lower labour-intensity of cultivation and most often higher productivity of land. Efficiency of fixed assets engaged in the production process was also higher in these regions. Farms located in Mazowsze and Podlasie, and Małopolska and Pogórze had a weaker result. Lower level of obtained production contributed thereto, but the key factor was higher burdening with the condition of owned fixed assets (in value terms). It is assessed that -at least to some extent -this is linked to running animal production which determined a specific level of equipment provision on farms. This especially refers to farms situated in Mazowsze and Podlasie, many of which specialise in milk production.
Research aiming at assessment of economic efficiency of production showed that cultivation of winter wheat and winter rye helped to achieve gross margin and management income less subsidies at the highest level for farms in Pomorze and Mazury, and Wielkopolska and Śląsk, while spring barley cultivation for farms in Wielkopolska and Śląsk, and Małopolska and Pogórze, and winter rape -in Wielkopolska and Śląsk, and Mazowsze and Podlasie. In these regions, the production profitability index was also the highest. This means that gross margins to some extent determined profitability at the level of management income. For sugar beet, the case was opposite. The highest gross margin was obtained by growers from Mazowsze and Podlasie, and Małopolska and Pogórze. Whereas at the level of management income -the position of Mazowsze and Podlasie was taken by farms from Pomorze and Mazury. This was conditioned upon relatively high indirect costs and high costs of factors of production in Mazowsze and Podlasie. At the level of indirect costs, the impact of costs of depreciation of engaged fixed assets had a crucial impact, and high cost of factors of production determined the cost of own labour. Only rye cultivation in Małopolska and Pogórze failed to ensure margin in the form of management income less payments; the loss amounted to PLN 41 per ha. Production profitability index, which shows the relation between production value and economic costs, amounted to 97.1%. Given all types of activities, in regional terms this index was within the range of 97.1-147.5%.
-----A measure of assessment of environmental efficiency of production of surveyed products was consumption or cost of mineral fertilisers and plant protection products introduced into the environment. Research showed that Pomorze and Mazury, and Wielkopolska and Śląsk used the highest level of fertilisation for cultivation of rye, spring barley and winter rape. In Mazowsze and Podlasie the fertilisation of winter wheat was at a high level, and in the region of Małopolska and Pogórze -sugar beet. Despite differences, regional differentiation in the applied dose of NPK was most often not very high, in the cultivation of rye it amounted to 1.4 times, and in the case of other field crops -1.1 times. Whereas the cost of plant protection products greatly varied in the regions. Differentiation of 1.1 times was observed only for sugar beet, in the case of wheat and barley it was 1.2 times, winter rape -1.3 times and rye -2.3 times. A relatively high cost of plant protection products was noted on farms in Pomorze and Mazury, and Wielkopolska and Śląsk. In both regions, the highest cost was incurred by farmers in case of cultivation of rye, winter rape and sugar beet, while in Wielkopolska and Śląsk also for the cultivation of winter wheat and spring barley. The cost of plant protection products was the lowest in Mazowsze and Podlasie on farms cultivating winter wheat, rye and sugar beet, and in the Małopolska and Pogórze -winter rape.
European integration and globalisation stimulate many changes in the Polish agriculture. There is a chance for survival in the market for farmers that will meet the challenge of reducing production costs, increasing scale and efficiency of production and improving the quality of manufactured products. In the agricultural sector, the production effects are often linked to simultaneous creation of different forms of environmental threats, e.g. common use of pesticides contributes to emergence of many diseases, and it can also affect the health of future generations (Żak, 2016) . The use of high doses of mineral fertilisers also raises public concerns. Ensuring food security is a challenge for the contemporary agriculture, but actions aiming at it ought to be environment-friendly. A factor intensifying agricultural production, which at the same time is harmless to the environment is the introduction of new species of crops, more fruitful and of better quality (resistant to diseases and pests). The cultivation technology should also be improved, to include not only production and economic effects but also safety of the natural environment. 
Abstrakt
W artykule przedstawiono regionalne zróżnicowanie efektywności technicznej, ekonomicznej i środowiskowej produkcji pszenicy ozimej, żyta ozimego, jęczmienia jarego, rzepaku ozimego oraz buraków cukrowych. W badaniach wykorzystano dane gromadzone w systemie AGrokoSZTy i Polski FAdn. dla pokazania zmian w wynikach badanych działalności analizie poddano średnie czteroletnie. Miarą oceny efektywności technicznej była produkcyjność czynników wytwórczych (pracy, ziemi i kapitału), a efektywności ekonomicznej -wskaźnik opłacalności wyrażający relację wartości produkcji do kosztów ekonomicznych. natomiast efektywność środowiskową opisują wskaźniki pokazujące koszt oraz poziom nakładów wpływających negatywnie na środowisko, tj. nawozów mineralnych (nPk) i środków ochrony roślin.
Wyniki badań wskazują na znaczne różnice regionalne. Techniczna efektywność czynników produkcji w gospodarstwach położonych w regionie Wielkopolska i Śląsk oraz Pomorze i Mazury była większa niż na Mazowszu i Podlasiu oraz w regionie Małopolska i Pogórze. najmniejszym zróżnicowaniem w regionach charakteryzowała się produkcyjność ziemi. Ekonomiczna efektywność produkcji zawierała się w przedziale 97,1-147,5%. Wskaźnik opłacalności na poziomie 97,1% zapewniło żyto uprawiane w regionie Małopolska i Pogórze. Jego wysokość oznacza, że koszty ekonomiczne nie zostały w pełni pokryte. dla pełnego pokrycia kosztów ekonomicznych konieczny byłby wzrost plonu lub ceny ziarna żyta o 4,5%. regionalne zróżnicowanie zastosowanej dawki nawozów nPk przy uprawie żyta było 1,4-krotne, a w przypadku pozostałych ziemiopłodów -1,1-krotne. natomiast koszt środków ochrony roślin bardziej różnił się regionalnie. Zróżnicowanie 1,1-krotne odnotowano tylko w odniesieniu do buraków cukrowych, w przypadku pszenicy i jęczmienia było 1,2-krotne, rzepaku ozimego -1,3-krotne, a żyta -2,3-krotne. W regionie Pomorze i Mazury oraz Wielkopolska i Śląsk koszt środków ochrony roślin oraz nawozów nPk w przeliczeniu na 1 ha uprawy badanych działalności na ogół był wyższy niż w regionie Mazowsze i Podlasie oraz Małopolska i Pogórze.
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